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© Embryogenic callus and cell suspension of inbr*d corn. 

© Embryogenic callus of corn inbred B73. embryonic cell 
suspensions of ccrn inbred B73, clones of the emtvyogenic 
callus and cell suspensions of corn inbred B73. cum plants 
and the seed thereof regenerated from the embryogenic 
callus, embryogenic cell suspensions and done* of the 
embryogenic callus and embryogenic cell suspensions, and 
progeny of the regenerated corn plants including mutant and 
variant progeny are claimed- 
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E^SnVCGENIC CALLCS AND .CEIL SUSPENSION Or INBRED CCKN 

Field of the Invent icn 
The invention relates to embryogenic callus of. corn inbred B73 - 
a major ocomercial inbred corn variety. The invention also relates to 
cell suspensions derived from enbryogenic callus of corn inbred B73. The 
cell suspensions may be characterized as uniform mixtures of embryogenic 
and other cells. Unexpectedly, the cell suspensions according to the 
invention give rise to embryos of corn inbred B73 under certain cultore 
conditions described hereinbekv. The invention furthermore relates to 
viable seed-producing plants of com inbred 873 regenerated from the 
enbrvocenic callus or erbryccenic cell suspensions 'according to the inven- 
tion. Lastly, the invention concerns mutant and/or recombinant progeny of 
embryogenic callus or en±>ryogenic cell suspension and corn plants regener- 
ated therefrcn. Specific exiles of the erbryccenic callus of com 
inbred B73, from which embryocenic cell suspensions may be derived, have 
been deposited in the fcneriwn Type Culture Collection -under STCC acces- 
sion number 40116 on ADr'ii 1-5. 19S4. • 

Relevant Art 

Zea mays L. or com is a major worldwide cereal crop. In the 
continentlTunited Staces alone, an estimated 82 million dcres of com is 
planted yearly. A survey of the U. S. com gem plasm base conducted in 
1979 accounting for 1.3 billion pounds of seed corn t determined that corn 
inbred B73 was used in the production of approximately 178.5 million 
pounds of corn hybrid seed. This amount reflects approximately 14% of the 
total com seed required for the 1980 planting of 82 million acres of com 
in the United States. B73 was used to produce more hybrid colt, seed ther. 
any other com inbred line in the 1979 survey. >s the major inbred corn 
line used in hybrid com seed production, B73 is a commercially important 
com inbred. Successful efforts to improve B73 are likely to have a major 
impact on the ccn^erciai com seed business. 

Current methods for improving inbred corn lines are time con- 
suming, labor intensive, and i:s\-y. Thus, methods that reduce any of 
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-these problem would represent an advance in the cereal breeding arts. 
One method for inducing chances in an inbred corn seed line is accom- 
plished bv exoosing inbred seed corn to a mutagen, which may be ionizing 
-adiation or a mutagenic chemical, growing the seed out, and screening the 
5 com plants for a desired characteristic such as decreased height or path- 
■ ogen resistance. Seed fro* plants displaying the desired characteristics 
are then replanted, rescreened and the seed fron plants passing the screen 
are retained. After several years and many grow-outs of the seed, a 
sufficient seed stock of the inbred displaying the desired characteristic 
0 is accumulated for connercial breeding. 

Several problems attend the method of obtaining a modified inbred 
com seed line as described above. Inbred com lines are highly horczy- 
gous or pure-bred. Such inbred lines frequently display low vigor, and 
Is /result frequently produce few seed. If seed production is too low, 
5 successful large-scale production of seed derived from a single plant of a 
nidified inbred line may not be possible at all. Even if the modified 
inbred is vigorous and produces adequate nutters of fertile seed, several _ 
years and many acres of land are required to produce ejfcugh seeds to make 
commercial breeding possible. 

.2 0 Other accroaches to the proa=gc-iuu Wi o==-^<— — 

have also been s'oaeested and rely upon plant tissue culture technics, 
in son* of these aporoaches, cell cultures are subjected to nutacer.ic 
ionizing radiation. The desirable characteristic is selected or screened 
in c-11 culture. Cells having the desirable characteristic are propagated 

25 m culture and ultimately regenerated to foo seed-bearing plants (see 
e.g., Bottino ?. J. , "The Potential of Genetic .Manipulation of Plant Cell 
Cultures for Plant Breeding," Radiation Botany, 15:1-15 (1975). 

Tne feasibility of using selection techniques on callus cultures 
of certain ncn-comsrcial com inbreds and the regeneration of plants pr=- 
30 ducing seed that carry the characters ic selected in tissue culture has 
been derated by Hibcert et al. (see, -Selection and Character zation 
cf a Feedback - Insensitive Tissue Culture of Maize," Planta, 148.183 1B7 
(1980).) 
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P^ior to the develops, of the exogenic callus line of com 
inbr =d Mot th. instant lotion, » friable e^enic callus culture 
Taenia cell suspension d« of a co^rcially signify 
nb^ £n lin. ^ be.n descib*, — - 

5 lines of noncc^ercial cor. intreds, C.S. Green has descried a fcxable 
callus of corn inbred A188 capable of regenerating ^ 
genesis (see, Green, C... "«ic ^J^* ^ CoT 

aticn Fro, the Firable Calus otJ-SB^' in ^ 5th ^ 
T .« Cells >Vo ^ji^ra ed., Japar.ese Association of Plan. 

Plant Tissues and Cells, ax-o .uj 
10 Tissue Culture, pub. Tolcyo, Japan, 1932). Exogenic, friable ,183 
11 us according to Green can be derived fro, spontaneous sectors o__ 
™* caL. ^ callus ac.rdi. to Green can * o^ned 
a/ JU Injure z-ygotic fran the seed of ^ 

A i 8 3 a~ reeved fran the s^l an. placed in a Murasnige and aoog M~, 

u ^ ~<occ P-vs'elceia Piantariu^, 15:426 (1962)) 

15 see Murashige and .-rfocc, p..vs.cio= ^afj" 

wi-h 0.5 w/1 2,4-0, 1 Htt L-aspar«ine, anc 0.7% bactoag-r. The ^ 

• p ,s, kpd a . 28-C with 16 hours light per day. (See 
r^otic embrvos are lncuoa^ed a. >- «i- , 
^ I . , iq 7 9 -A Histological Exs.ination of Tissue Culture 

Scrincer, W.D. et al., 19/9, A n.s.o.cg 

- Bircs of Haize", Protoplasm, 101, 269 .81.) 
Iniui=.-v,. .-or. - . proliferates rapidly and forrs 

20 TNi scutellum of the primary .ycot-c er-ryo F<- . 

. c T-.e eoithelicn of tine scutellun becomes 

an organogenic callus cul-ure. ~e e. u _„ •„ ^ ^.jro 

n-hW neristeaatic. Apical crista* for,. at — - — - - 

:ich is characterized by a. «-« zone. Because * ^ ^ 

TC rdia are associate, with the shoot pri^rdia, the callus i= ccnsice.eo 
25 organogenic. 

Green's enbrvogenic callus arises spontaneously as sectors grow- 
ing fr on the established organic callus or can be ^ 
lures with proline. Proline, ho-ever, dees not appear to induce 

• i„ B73 G-e-n's erbryogenic callus appears undiffe.e.. 

- ^emc callus^ B, 3 Cree ^ ^ ^ 

30 tiated, highly friable, has ^ ° ^ The 

j • -.w = .„-ose and 0.5 to 1.0 mg/1 2,4-0. 
stace on MS or N6 medium with 2% s.crose 

^oal development to the ^ture embryo stage is possible if eabr ~ 
35 are transferred to N6 ,-edi*. with 6. sucrose and no 2,4-0. The .ature 
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enbrjos can then be induced b geminate an MS or N6 medic containing 2% 
sucrose without hcnrKDr.es. 

Green also describes suspension cultures of the embryogenic line 
of A1S8 and discloses that such suspension cultures can be maintained in 

5 MS medio, containing 1 mg/1 2,4H> with 2% sucrose. When aliouots of the 
suspension cultures are plated onto solidified MS medio, containing 2% 
sucrose, a callus forms fran the plated suspension and embryos form on the 
callus surface. Tnese erfcryos are transferred to MS or N6 medium with 6% 
sucrose for farther development. After 2 weeks on medium with 6% sucrose 

10 these are transferred to lew sucrose, hormone-free median for-^mbryo gen- 
eration. A1S3 plants may be routinely regenerated fran these embryos. 

A ron _^eneratin3 cell lire of com inbred B73 is known (see 
pot^us et al. n^.Hral Allied Genetics, 51=209, 1979). This cell 
line' in suspension culture was established from a primary culture of 
,5 protoplasts* fran plant tissues of the 373 inbred. The cells are charac- 
terized as growing well in suspension culture and easily maintainable on 
agar medium. Furthermore, the cells can be erratically t^..ed ir.-o 

, . d,,-* tun r=-e-cr3te walls and become proliferating cells 

protoplasts, vnich m turn r, 3 e..c 

. , ; „;c ; - 3r . 1 ., — c-lls of this line have never been induced to 
20 r^rarp^rJ'Ind^reo.-er display ploidy abnormalities a ch.aracter- 
iTtir -11 Knew* in other non- regenerating diploid plant cell lines. (See 
H g" Meadows, "Characterization of Cells and Protoplasts of the E73 Maize 
Cell Lin- Plant Science Letters, 28:337-348(1 982/83 J. Other attempts to 
achieve plant regeneration from established 373 callus- have been sjmilar.y 
25 unsuccessful. (See Bar*-**. ... "Tissue Culture of Haxze ttantl. 
Regeneration From Scutella Callus," Genetica Polonica, Vol. 23.93-101 
(1982)). 

^e ability to culture somatic cells of inbred plants in vitro 
enables the slant bre,der to apply the techniques of microbial genetics to 
,„ _,., c b .~ding eroblems in crop plant.. Included in the genetical 
approaches that have application to plant breeding are: election or 
.unions in cell cultures, studying best-pathogen interrelations!^ 
transf- of ce.netic information into cells through uptake of exogenous 
hetero^s Jsee Szo'k. ct al., «. S. Patent 4,394,448) or homologous Isee 
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I-I Eurcoean Patent Application Jte. 90033A) DNA. Furthermore, somatic 
cell culture enables tine plant breeder to develop, select and propagate 
scmaclcnal variants having novel or useful agronomic characteristics. 

The major obstacle to the application of these techniques to com- 
mercial com inbred 373 and sate other camercial inbreds has, until now, 
been the inability to provide a tissue culture or cell suspension tnat can 
regenerate whole plants. The cnfcrvcgenic com callus line and com cell 
line derived therefrom provided by the instant invention makes it possible 
to aooly somatic cell genetic techniques to a major connercial com line 
for 'the first time. The particular uses to which a cereal, and particu- 
lar a com cell line such as the one described herein, can be put are 
outlined in numerous articles (see e.g., Bottino, P. J. "Potential of 
Gene-c Manioulaticn in Plant Cell Culture," Radiation Botany., Vol 1d: 

1-16 (1975) and Vasil, I.E., "Plant Cell Culture and Somatic Cell Genetics 
of Ca-als and Grasses," Plant Insrovem er.c and Somatic Cell Genetics, 
.Vasil, Ed.., Academic Press, N.V., 1st Ed., (1933) and "Tissue Culture m 

the Production of Novel Disease-Resistant Crop Plants," Biol. Rev. , 

54:329-345 (1979)). 

These uses include selection at the cellular level of mutations 
<cr -es^ancs to toxic substances, such as herbicides and substances 
produced bv plant pathogens . Since the selections are carried out at tr.e 
cellular level, it is likely that whole plants regenerated fran the cells 
will show the selected characteristic. It is significant that such a 
s-st- would allow plant breeders to select (or screen) for the desired 
characteristic from a^og thousands of cells in a single culture dish or 
flask, whereas a larce field plot would be required to selec-. or screen a 
corresponding number of seed crown plants according to traditional plant 
_ breeding methods. 

It has, for example, been cemonstraced that com plants derived 
from Black Mexican Sweet com, a non-co^ercial cultivar, can be recen- 
-~ ted from tissue cultures that have been selected for resistance to 
ivsin- and threonine and that tissues of the regenerated plant likewise 
e'redec- com olar.t tissue that is resistant to lysine and threonine. See 
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Bibbed, k!a et al., Election and Characterization of a Feedback - 
msensitive Tissue Culture of Maize," Planta, 148:183-187 ,1980,. 

The utility of such selections carried out in callus cultures has 
also been demonstrated by the regeneration £rcm callus culture of com 
plants resistant to southern corn leaf blight, a plant disease caused ty a 
pathotoxin produced by the plant pathogen Helrenthosporium rnavdis race t. 
By exposing com callus to the pathotoxin produced by the plant pathogen, 
resistant callus was selected. Significantly, the progeny of certain 
resistant plants were also resistant to the toxin and plant pathogen. 
Thus callus culture of a com cell line is demonstrably effective in the 
development of pathogen resistant com seed/ (See Gengenbach et al., 
-inheritance of Selected Pathotoxin Fesistance in Maize Plants Feceoerated 
^ CeU Cultures," ^'1. Acad. Sci. OSA, 74:5113-5117 ,1977),. 

Brief Description of the Drawincs 
Figure 1 is a representation of an isozyme pattern for esterase 
\ 5 obtained by starch gel electrophoresis as further described in Example 7. 

Fia'ure 2 is a representation of an isozyme pattern for alcohol 

. . . e i P ^ chcresis as farther described 

dehydrogenase obtaurwa by starch gel e.e^-~^~ 

in Example 7. 

Figure 3 is a representation of an isozwe pattern for glutamate 

^ ,-rwV» K/ c-arch ael electrochcresis as farther described 
20 .dehydrogenase obtained by sparer, geo. e.ev . 

in Example 7, 

Figure 4 is a representation of an isozynie pattern for ^P^lu- 
cosidase obtained by starch gel electrophoresis as further described in 
Exarrple 7. 

Sunmarv of the Invention 
The present invention comprises tissue cultures of com inbred 
line B73. Tnese tissue cultures are characterized as eobryoa en ic callus 
cultures of com inbred B73 ar* cell suspension culture, derived fro, the 
efcrvogenic callus culture of com inbred B73. As used herein, _th tern 
"enbrvooenic callus" is defined as a friable callus having no visible 
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conization on maintenance m*iiu* but en regeneration median organizes 
into discrete globular structures, a portion of which geminate to -cm 
plants. 

As used herein the tec* "variation" is defined as phe.notypic 
5 chafes that are: stable, i.e., they persist in the absence of the event 
that induced the change; and heritable, i.e., the new genotype is trans- 
mitted to daughter cells -when they divide. Ganges in phenotype that per- 
sist only so long as the cells or tissues are maintained in a new environ- 
ment are referred to as physiological responses. 

I0 "Genetic variation" is used herein to describe heritable vari- 

ation that is sexually transmitted to progeny of plants regenerated from 
cultured cells or tissues, tte term -tatanf is reserved for the specie. 
ca ~ of cenetic variation in ^ieh a trait is transmitted ir.eiotica-^ 
according to well-established 1« of inheritance. *en the nature on tne 

w.jn h>v* t-^rm "variant" is used, 
15 heritable change is not Known, we teen vdi.a 

. - a ► ■^ era «*- 0 d", referring to plants, 
As used herein the terst rege. / 

me ,ns plants derived frcn cell and tissue culture. The tec "progeny" 
seans plants obtained by self-fertilization, sibling-fertilization, back- 
crossing or out-crossing of the regenerated plants. 

2Q As used herein the term "clone" refers to callus or cell suspen- 

sions propagated from an astonished cell suspension cr callus line. 

tte ^rvcoenic callus culture of com inbred B73 characteris- 
tically is a collection of substantially isodiapetric cells v^ich grow in 
clomps or aggregates of cells on solid maintenance ^diu. such as « 

« medil or N6 ^ that has been supplied with 0.25 to , 0 ^/ 2,4-, 
and 2% (wt/vol) sucrose. Or, ^intenance ™diu» the ^emc callus is 
friable, i.e., easily broXen into seller clu*s of cells and single 
cells. Under the light microscope, no continuous epidermal layer 
visible in tine Cryogenic callus. In general, the pyogenic callus is 

30 yellow-brown in color. Growth of the e*r*ogenie callus is rapid, as 
sured in fresh weight accumulation; the Cryogenic callus *~ 
ti.es faster than the organcconic callus cult-ore fron *ich i. arose. A. 
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a consequence of its growth rate, the embryocenic callus needs to be 
transferred to new median every 1-2 weeks. 

The embryogenic callus is further characterized by the absence of 
differentiated plant structure such as snail shoots or their primordia, 
roots or their primordia, and meristems. A characteristic of cell suspen- 
sions derived frcm the callus is the production of a nucilagenous poly- 
saccharide in media containing sucrose and 2,4-0. This polysaccharide has 
been identified as a glactcse-mannose polymer. 

The most notable characteristic of the embryogenic callus is its 
formation of embryo-like structures. The embryo-like structures- are com- 
pact and globular. 3y transferring the globular structures to a hormone- 
free medium such as HS or KS medium, seme of these globular structures can 
be induced to form plants. The plants can be transferred to soil and 
fertile B73 com plants are obtained. The progeny of these rece-rated 
plants are substantially identical in form to seed-grown 373 plants. 
Thus, 'the invention encompasses corn plants regenerated fron an embryo- 
genic callus of com inbred 373 and the progeny of the regenerated com 
plants. 

The invention further comprises embryogenic cell suspension cul- 
tures of embryogenic callus culture of com inbred B73. Unexpectedly, 
these cell cultures retain toe ability to regenerate viable B73 corn 
plants. B73 cell suspensions capable of regenerating whole plants are 
initiated from friable B73 callus maintained on MS medium. The friable 
callus is transferred inbo a medium suitable for maintaining suspension 
culture, e.g. MS medium with 2 mg/1 2,4-0, and is placed on * gyrotary 
shaker at 130 rpm at 28 *C. Cell suspensions are induced to form globular 
embryos by plating on solidified MS or N6 medium containing no hormones 
and 2-6% sucrose. Globular embryos' are transferred to solidified MS or N6 
medium containing no hordes, 2% sucrose and optionally charcoal added to 
adsorb residual hormones, if any, and plantlets form on this medium. Thus 
the invention encompasses coo plants regenerated from an mbyrogenic cell 
suspension of com inbred 373 and the progeny of the regenerated com 
plants. 
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.i™ wiM be Setter understood from the following exan- 
"IMe invention win oe cet^ m»->- 

^ ;-ve-tc- to be exenclary only and non- 
pies which are intended by w.e ,.nve..^ c~> 

limiting. 

EXAMPLE 1 
Initiation of Orcanogenic Culture 
Plants from maize inbred lire 373 were grown to maturity in a 
5 grouse supplanted with metal halide lights (15 hours/day) and main- 
tained at 30-C during the day and 21'C at night. These plants were self- 
or siblina-pollinated. Immature zygotic «*r*» 1.0-2,0 milliters {m) 
in ^'(12-14 days post pollination) were aseptically rented ^sur- 
face seized Kernels and placed flat side down cn the initiation medien 
,0 which contained ffi salts and « vitamins, 150 n*/! asparagLne 0.6 agar 
0.5 K./1 2,4-D and 12% sucrose. All culture »diu, h* been ad.us^ a, a 
P H of's.8 prior to autoclaving. Cultures were incited m tr.e car.< a. 
29-C for 2-3 weeks, when a compact white tissue proliferated rran tne 
col-orhizal end of the scutell*. Tr.e zygotic e^ryonic "sheet 
,5 not'oart of the proliferating tissues. The white expect tissue «u« was 
ceased of .nail parenchy.a-li.Ve cells with «rist«n.tic regions was 
covered by an eoidermal layer. Nu*r=* root listens, occasional snoots 

= . =rcn ^ins -.ere seen in this tissue. White compact tissue was 
re^ed from the transferred to a maintenance racier., - - 

20 the sa^ as the initiation ^ia= but included 0.5-1.0 m /l 2 , *~ 
sucrose, and cultured under Aerolites (1500 lux, at 23'C. Cultures were 
transferred to 'fresh nsdivsn every 10-20 days. 

B« contact tissue produced on the. initiation medium- bec=r.e 
extremely heterogeneous when transferred to th, maintenance nrf i« , ^ 
25 erous shoots, roots, as well as friable and expect green tissues became 
- visible. Leafy and rooty tissues were carefully removed ano oiscarced 
from the compact organogenic tissue at each transrer. 

After ore year of continuous selection against non-regenerating 
regions and roots, "the resulting organogenic tissue « darX green cco- 
30 pact, convoluted and covered by a well^efined epidermis. TT.is epide.... 
layer rained continuous even in zones that produced shoot ™^ 
JLematic centers were occnen beneath the epidermal layer. This tissue 
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« characterized by an „tr«.ly slow growth rate which could be 
increased by the Edition of 9 ^/l zeatin. addition or zeatm also 
reduced the quantity of tissues normally selected against. 

EXAMPLE 2 

initiation and Selection o f F-^rycoenic Callus 
A friable, fast-growing callus was selected from the organogenic 
tissue after over one year in culture in the following runner. The 
organogenic callus fro, v*ich the Cryogenic callus was isolated was 
tarred to maintenance «di« continirg HS salts and «S vitals, 150 
^1 asoaragine, 1 *g/l 2,4-0. 1 mg/1 3,5^i=hlorophenxy acetic acid 
(3 5-0)* 2% sucrose and 0.6% washed agar. The organogenic callus was 
transferred after 3 wee*= to tosh mdiun having the sa^.e components. 

Afte. a total of 5 weeks or. the mediun, the enbryogenic callus 
acoe =red as snail isodia^tric cells having dense cytoolasn and large 
nuclei on microscopic examination. The sectors were embedded in a 
^cilacenous «trix. The sectors and m ,cilagenous M tr» -re reeved 
15 iron the surrounding co^ct organogel callus with sterile tweeze: * or 
removed by scraping with a sterile ■=.=.!. 1*. sectors and ,,cila 

,^ .v'n^nr^ mp^ium as describee aocve out: 

qeoous matrix *^er= — — * ^ 

lading 3,W. liable pyogenic callus grew ■ 
faster than the organogenic tissue cn the maintenance median wi- 3,= D. 
20 IllhLh the exogenic callus was initially isolated from an organogenic 
callus' that had been gro-n on maintanence median including ^ 
genic sectors have been subsequently isolated from organogenic cal us 
nas been maintained without 3,5-D. These isolates, however, tend to 
rapidly organize and cannot be maintained. 

EXAMPLE 3 
Tnitiation of Susp ension Cultures 
25 one and seventy-seven one-hundrefths gran (1.77 g) of friable 

callus tissue fro, com inbred B73 was incite, into 25 nu of MS — 
having the following continents: 
magnesia, sulfate-seve- borate (MCSO4 tlR^O) t 
calcium chloride-dihydrate (C3C1 2 - 2H2O) , , 
30 potassiun nitrate 
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ammoni-jn nitrate (NH4NO3), 
potass ion phosphate (KH 2 P0 4 ), 
manganese sulfate-four hydrate (MnS0 4 - 4H2O) , 
zinc sulfate-seven hydrate (2nS0 4 -7H20) , 
5 cupric sulfate-five hydrate (CuS0 4 -5 H2O), 
cobalt chloride-six hydrate (CoCl 2 -6H20 
potassiijn iodide (KI), 
boric acid (H3BO3), 

sodium molybdinun oxide-dihydrate Wa 2 Mo0 4 -2H20) , 
10 ferrous sulfate -seven hydrate (FeS0 4 -7H20) , and 
sodi'jn ethylenedia-ninotetracetic acid (Na 2 E7TA). 

in general, as used in the invention, the exact concent-ration' of the salts 

can be varied within limits without departing from the invention.. 

standardize the maxirxj of the media, hoover, the concentrations of the 
15 above listed minimal salts arc as follows: 

MgS0 4 -7ri2p 370. milligrams/liter (mg/l) 

CaCl 2 -2H20 440 

KNO3 1900 

NH4NO3 1650 ^ 

20 KH 2 F0 4 170 

MnS0 4 -4H 2 O 22 - 3 ^ l 

2nS0 4 -7H20 8.6mc/l 

-CCS0 4 .S2° 0,025 1119/1 

COC12-6K2P 0.025 mg/1 

25 KI C * S3 

H3BO3 6.2mg/l 

Na 2 ft>04-1H20 • °- 25 
FeS0 4 -7ri2O 28 " 75 
Na 2 EETA 37 * 25 

The medium further contains the following vitamins, hormones and 
carbohydrate sources: 

Thiamine-HCl 0.2 mg/1 

Pyrcdoxin-HCl 0.2!, mnA 

Nicotinic acid . 1.3mg/l 

Calcium pantothenate °- 25 ^ l 

L-asoaragine 132 -° ^ 

2,4-0 2.0mg/l 

sucrose 2% weight/vol-jne 

pH 6 -° 
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The friable enbry^enic callus and medium are placed in a 100 ml 
Delong flask and are incubated at 27'C on a gyratory shaker at 130 
with indirect lighting fron Agrolites for 16 hours a day for 7 days. Cul- 
tures were transferred every 7 days in a 2 to 5 culture to medium transfer 
5 into 50 ml of the same media in 250 ml Delong flasks. 

Embryos are generated from the suspension cultures by removing a 
one ml aliquot fron a 7 day old transfer and placing it on a solid plant 
growth median such as MS medium or N6 medium containing no hormones or 
0.01 mg/1 2,4^ and fron 2 to 6% sucrose. The plates are maintained under 

0 the conditions described in Example 4 for approximately one weak- Plants 
may be regenerated from the embrjos by transferring the embryos to MS or 

- NS media containing no hordes and 2 to 6% sucrose as described in 
Example -6 below. 

EXAMPLE 4 
Formation of Embyros and Plantlets 
A 15 dav old suspension culture having a volume of approximately 
5 ■ 25 ml was placed* in a sterile centrifuge tube and the cells were spun down 
at 1000 r?m for 5 minutes. The supernatant --as discarded and the cells 
w*~ resusoended in 25 ml of hormone free N6 median containing 6% sucrose. 
Cne ml of "the resusoended cells was dispensed onto solid N6 medium con- 
taining 6% sucrose, no hcnr«nes, and 0.6% washed agar (K.C. Biologicals, 
20 Benex, Kansas). Tne plates were covered and maintained at 27'C under 

Agrolites at 1000 to 3000 lux for 16 hours a day. ■ After 23 days,, numerous 
globular structures grew cn the hormcne-free N6 media* containing 6% 
sucrose. These globular structures were removed and transferred to 
hormone-free HS median with 2% sucrose and 0 . 1 l .charcoal . After 6 days 
25 four plantlets approximately 1 to 2 centimeters (cm) in length having 
shoots and mots were ccsen-ed. 

EXAMPLE 5 

Regeneration of B73 Plantlets from Suspension Cultures 

A B73 suspension (maintained as a suspension for approximately 4 

months) was centrifuged at 1000 rpm for 5 minutes to pellet its cells. 

These cells were then weighed and diluted with hormone-free K.S. medium to 
30 a concentration of 100 .ng suspended cells/ml hormone-free medium. Cne ml 
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rose, O.U charcoal, cH = 5.8. 

P . ,es .re ***** at 23'C in t,e dark. « 
„*, gl^ar structures *i* «-n ™^ ^ 

5 nediun arf placed urfer fcgrolites. After approximately 3 weeks, 
these structures had developed into plantlets. 

28 u in c.e u^a. , a t-,«- i inches x 3 inches x 4 

10 transferred to plastic tissu. culture boxes (ata.. 3 inches 

• • =n r.1 nf he™ne free M.S. meoiam with 2% Sucrose, 
inches) containing 50 irl of ncr^one , rars ^r^ to 

, K e ,- v n f t-v, pce Dlants were trans i. err*, j 
After aroroxi^ately one month, six of t^ese pian 

" u. C3 Miof these plants were grown to maturity, 

pots in the greenhouse. All ot t-.ese ? 

EXAMPLE 7 

iso^e Orison of E^enic 373 alius Culture 

and Non-Snfcr ^ocenic 3/3 tiss^ _ 

— , , - ~e ^ inbred 373 tissue indicate 

25 Sheets - taken from mature B/J seecs one ^ 



water. , . „ • j; c - 

ScJtell ^ - taken fro, natur, 373 one day after soa<^ m 

tilled water. 
Z^icj^ - taken 19 da« after pollination. 
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Esfervo Rested - taken 12 days after pollination and then 
" transferred to the red ion of Example 3 for 7 days. 

Pyogenic - 2,4-? - friable exogenic callus tissues of B73 that w«. 

^ain^ on the ^dion of Example 3 without 2,4-3 for 19 days. 

5 r ^enic + 2.4* - friable embryogenic tissues of B73 that were main- 
tained on the median of Example 3. 
Oroanocenic - organogenic tissue of B73 that were maintained cn the medium 
of Exansle 3. 

Figures 1-4 aru representations of starch gels run for the indi- 
10 cated enzymes. The gels patterns show the following results: 

Esterase - Figure 1 - Babryegenic cultures gave the same isozyme 
patterns as rescued zygotic embroyos and organogenic cultures gave the . 
same isozyme pattern as mature leaves. 

Alcohol dehydrogenase - Figure 2 - organogenic cultures and 
15 cryogenic cultures on aadi* without 2,4-. gave the s^ isozy^ patrern 
as a£otie embryos, but Cryogenic culture, on the same cental 
2,4-D did not. 

Gluta^ate dehydrogenase - r igure j - a.^^u.— 
^ without 2,4-0 g av the s^ pattern as zygotic embryos, but «*ryc- 
20 genie cultures on maintenance n«diu, with 2,4-0 did not. 

A ^lucosidase - Figure 4 - eabryegenic and organogenic culture 
gave the sL pattern as coleoptiles but a different pattern than zygotic 
embr^cs. 

These results support the characterization that regeneration 
25 from exogenic cultures proceeds by a type of somatic -^og."" 6 " 

presence of isozymes usually associated with coleoptiles ^f"^ 
timing of exogenic develoo^ntal events may be different than tha. 
of of zyectic ernbryes. 



10 
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EXAM T l 8 

Char.rteriz.tion of 501* .acc ***** 
of Srferycx mc B73 Tissues . 

TeTmTof a 7^1d" cbr^er-ic cell suasion of 
B73 was transferred into a fre , 50 nu aliquot of « ^ 

The cultures were grown in e . light at 27'C in a shafcer at 130 rpn. 
l^ Lys, cells a* cV - «• n-ed ft. the ^ by 
^ or filtration. me fining clear culture -di« - then diluted 
Z Tvol^es of etha. . (95, v/v) at rc- texture with sUrru^ A 
O^ite fibrous precipe tamed. - collect* en a glass red -shed n 
aosolute ethanol and Sri- in a vacu*. dessicator oven, Tne ^ 
ta te was hvdrolyr ; in 1 nor^l hydrochloric acid for 6 hours at 1 0 C 
^ the cc^one. sugars were «ly-d by 13c natural abundance nuclear 
ma cnetic rescr. ce (1*-**) « a Varian XL-200 spectrometer. 



W . ^saccharide «s identified as a polymer comprising galac- 
tose and * ,ncse 'in about a 4:1 glactose:.anncse ratio, 7ne poller has a 
cLo.it' « different fro. noizs root slime, which contains a .lucose-r.c 
„„„ t in fucos^ ^ galacturonic acid, and corn hull-sun, wuch 
15 nolvr- r ioundant in fucos^ -nc = o— ■;<->-, F »*■ 

"contV . xylose, arabinose and galatose in a 7:5:1 <~ j"^' 



farttsn Source Utilization 
«u-^nsion .cultures of com Lnbred B73 were washed 
in carhchydratUee median and plated onto the median of Dc^le 3 that 
na3 been solidified with 0.6% washed agar -and contained 1 % w/v of *e 
filter-sterilized test co^unds listed in Table I below. Colony ^ 
was assessed visually after 2 «*s and 9 weeks growth Ln tne dar, at 



20 



27*C. 



25 



Tne toxicitv of galactose in the presence of sucrose -was tested 
on enbryogenic suspension culture, of corn inhred B73 by 
^acJeVl to 6. w/v, into the medio, of *^le 3 contains w/v 
sucrose. Growth was measured by packed cell vol**, (PT/) after 7 da,, 
incubation cn a shaker at :"'C in the light. 
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TABLE I 



towth of ^enic ^ of Corn Ijta- B73 on Various ^ Sources 

B73 Cell Growth 
Relative to r a *H^h vdrate-rree Control 
•Q^g carbon Source , gel ative to ^ _ 



sucrose 
D-^lucose 
soluble starch 
D-( + galactose 

-lactose 
D-sorbitol 
L-proline 
0 (control) 
L-(+)-arabincse 
inyo- inositol 

-D-(+)-fucose 

L-glycine 
" L-arginine 
L-(-)-xyIcse 
0-(+l-fnannose 
DL-?nalic acid 
D—mannitol 
L-(-) -sorbose 

-L-rhannose 
L -glutamic acid 

4. = visibly detectable grt>th. 

Mt of a. e«*» <M not *w« ^ of a» e.11. 

5 lactose. The enbryogeruc «™ 0611 U " e ° L 
response to galactose. 



-r 

0 
+ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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The embryogenic callus of com inbred 373 which grew cn starch- 
containing plates appeared to lack the calactamannan secreticn present in 
the plates containing sucrose cr glucose. Suspension cultures of the same 
tissue growing cn starch produced no detectable amounts of galactomannan. 

EXAMPLE 10 

5 Plants obtained in Exanple 6 were grown in the greenhouse and 

were either self -pollinated, back crossed to the parent B73 line, or 
sibling-pollinated with sister regenerated plants (designated R^ for 
self-pollinated, R^BC] for backcrossed and RjSibi for sibling pollinated). 
The corn progenies were produced fran four regenerated plants. Two— c£- the 
10 regenerated plants were self -pollinated using the main stem ear and a 

tiller tassel. Because of asyTxrhronous emergence of tassels and silks and 
frequent occurence of tassel-ears, the remaining regenerated com plants 
could often not be self-pollinated, but instead were used as female 
parents in crosses to seed-gron 373. 

15 The seeds produced were crown cut in the field between December, 

1*983 and March 1 984. Plants were evaluated in early February, which was 
approximately two weeks post-pollination for the corn. A total of ten 
rows of regenerant progeny wore planted out ear-to-row. In addition, two 
seed-grown plants used as male parents In crosses with the regene rants 

20 were also self -pollinated and used as check rows. Traits examined 

included: plant height, ear height, stem diameter, leaf number .and any 
evidence of single gene mutations affecting "plant appearance . While some 
rows showed evidence of salt stress, no differences could be seen between 
the ?.]S-[ f R-jBC-j , and RjSibi progeny and the seed-grown check rows. 

25 Fran the foregoing it will be apparent to those skilled in the 

art that ernbryogenic tissues arc cell suspensions of com inbred 373 will 
enable plant breeders, practitioners of methods of plant tissue and ceil 
culture, and plant molecular biologists to carry out major improvements in 
this valuable and widely used com inbred. The embryogenic cultures of 

30 'corn inbred B73 provided by the instant invention make it possible, for 
example, to subject these cultures to _in vitro mutagenesis to induce vari- 
ation in corn plants regenerated therefrom. Methods for chemical and 
physical mutagenesis as well as cell culture techniques for the recovery 
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, ^ts are well :oown to those skilled in the-art (see for 
0£ eesir^le ^ - o£ ^^ly Useful **a- 

exa^le: ■ He thanesulphcnate," Genetic. 

P.unt Brewing , 8:282 290 t>a. = i. - induced Mutations 

S 3 ^ 121 ^?^^^. Isolation of Mutant, Src. Plant Cell 

SQS?enS ^ Crco Plants via Sinole Cells in Vitro - An Assess- 

-I^ove^t of C** ^ ^ the inve _ nticn is considered 

10 Z^Planze^ ^ ^ ^ s . jsptnsi ^ corn 

to encanpass rcutagenxzed B.3 of ^ 

plants regenerated therefra* and the r^an. 
regenerated corn plants. 

' ^ *ii ity to generate whole plants fron th.e eugenic 

^ U suslns^co cultures of com inured B73 proves by t,e • 

15 tiS "» ^ " 1 ;ll,s those silled in the ar, to carry cut xn 

instant xnventxcn a^ • ^ ^ [Se ._ 

— Sel rr^ S- ^ ** herein.) 

Hibbert et al. and bene*.-- ra ltur»s of corn inbred 

■ 0 r- c^ll suspensions CJitureb ul 

using the eugenic .issu* o- co ^ Qf . 

i-v<*ntien, it i^ • t- 

20 B/u oc t,« — - ~ . - , . 9XCT3le herbicides and pat.no- 

^ ^ "r^ rs resistant to the selective agents and 
toxin., - select ^ - ^ ^ 

• t0 ?la - e l-lt, invention are e^enic tissues and 

3 selected in vitro, the. com plants and seed • 

25 f Tne^ed - - - ^^«* of the regenerated com 

thereof regenerated -^i-i 

plants. 

~ will also be readily apparent to ihose skilled in the art 
eugenic tissue - ceU suspense = ^ ^ 

30 presides the c^i* ^^^^T^ cult*, a. cell 
lnbr * B73 by r^eneratxn; p^t, f ; - « ^ .^.^ 

s^nsion cultures of «n - ^ ^ Ln ^ art 

Such stable sonaclonal variants .„ ^1 ^ of 

as ««*lifiied in Edallo et al , £nd ?li , t 

35 Sccntaneous Mutation Associate* with th.e xn v^tro 
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Regeneration in Maize," Waydica 26, pc. 39-35 (1981); 3eckert et al., 
"Etude de la Variabilite Genet icue Cbtenue Chez le teis Apres Callogenese 
et Regeneration de Plants in vitro , Acrorcmie 3, pp. 9-18 (1963); and 
Larfcin et al., "Sonaclonal Variation - A Novel Source of Variability from 
Cell Cultures for Plant Improvorient Theor. Appl. Genet. 60 , pp. 197214 
(1981). A large body of literature in fact suggests that plants regen- ^ 
erated frcm culture are characterized by an unexpectedly high rate of 
stable propagatable phenotypic variation. See Rice, "Tissue Culture 
Inbred Genetic Variation in Regenerated Maize Inbred," 37th Ann. Com & 
dorghon Research Conference (1983). Thus it is now possible to provide 
progeny- with genetic variations arising from somaclonal variants regener- 
ated frcm 'com inbred 373. Such characteristics ray be stably maintained 
in the second generation progeny of the regenerated plants and will 
generally exhibit either "Mendel ian segregation (e.g., 3:1 ratio for single 
gene traits) or uniform expression since somaclonal variation arises in 
diploid cells and may generate homozygous variants. Thus, the invention 
is considered to encompass scmaclcnal variants of the esnbryogenic callus 
and cell suspension of corn inbred 373, com plants 'and the see<: thereof 
regenerated the re fro?, and the progeny of the regenerated com plants. 



20 



CLAIMS: 



Brbrycgenic callus and sibrycgenic cell suspensions of com 
inbred B73 and the clones thereof. 

2 corn plants and the seed thereof regenerated fron esibryo- 
genic callus and e^enic cell suspensions of com inbred B73 and the 
5 clones thereof. 

• 3 . Mutagenic Cryogenic callus and nutagenized cell suspen- 
sions of com inbred B73 and clones thereof. 

' 4 Com plants and the seed thereof regenerated fro, mutager.- 
. i=ed exogenic callus and -utagenized cell suspensions of com xhbred 
TO B73 and the clones thereof. 

. s Prcceny of com plants regenerated frcn exogenic callus 
.rf e^rycoenic cell suspension of com inbred B73 and clones thereo,, 
said progeny including nutants and variant progeny. 

, _ u e . ic calllJS of com inbred B73 harming the character- 

' • * In plr^niTcIllus of com inbred 373 deposited in the 
15 iStlCS ° ^ lec:i. under Accession Number <0U6. and 

^s^^ *- - — caiius ** ciones of said 

Cryogenic callus or epbry^enic cell suspensions.^ 

7 com plants and the seed thereof regenerated from the ■ 
20 e^enic'callus and exogenic cell suspensions and clones of sa.d 

Scenic callus cre^enic cell suspense of Claun 4. 

8 Mutsgenized erbrycgenic callus of com inbred B73 said 

n c ' callus of com inbred B73 having the characteristics of an 
^ ! Z of com inbred B73 deposited in the ^rican Type 
enbrycgen.c callus or co mutagenized cell 
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9. Com plants and the seed thereof regenerated from the muta- 
genized embryogenic callus and mutagenized cell suspensions and clones of 
said mutagenized er^bryogenic callus and mutagenized er\bryoge.nic cell sus- 
pensions of CI alia 8. 

5 10. Progeny of corn plants regenerated from embryogenic callus 

having the characteristics of an enbryxjenic callus of corn inbred B73 
deposited in the American Type Culture Collection under ATCC Accession 
Number 40116 or regenerated frcm cell suspensions derived frcm said 
embryogenic callus having the characteristics of an er±>ryogenic callus of 
10 corn inbred B73 deposited in the Tricon Type Culture Collection under 
ATCC Accession Number and clones thereof, said progeny including 

. mutants and variant progeny. 

11. An embryogenic callus of com inbred 373 as deposited in 
the Arerican Type Culture Collection under ATCC. Accession Nuroer 40116, 

15 cell suspensions derived frcm said embryecenic callus and clones thereof. 

12. Corn plants and seed thereof regenerated from the embryo- 

' genie callus of corn inbred B73 as deposits in the American Type Culture 
Collection 'under ATCC Accession Number -10116 cell suspensions 

derived frcm said enbyrogenic callus and clones thereof. 

20 13. Mutagenized embryogenic cali'us of com inbred 573 as 

deposited in the American Type Culture Collection under ATCC Accession 
Number 40116, mutagenized cell suspensions derived from said embryogenic 
callus and clones thereof. 

14. Corn plants and the seed thereof regenerated from the muta- 
25 genized callus, ir.utagenizcf. cell suspensions and clones of said mutagen- 
ized embryogenic callus and rnutagenized cnbryogenic cell suspensions of 
Claim 13. 

15. Progeny of com plants regenerated from the errjzrycgenic 
callus corn inbred B73 as deposited in the American Type Culture 

30 Collection under ATCC Accession Number -IfUlo, cell suspensions derived 
fran said embryogenic callus and clones thereof, said progeny including 
mutant and variant procency. 
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FIG. I 

ESTERASE 
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FIG, 2 

ALCOHOL DEHYDROGENASE 
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FIG. 3 

GLUTAMATE DEHYDROGENASE 
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FIG. 4 

(J-GLUCOSIDASE 
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